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From the Pediatric Clinic of the Karolinska Institute at Norrtulls Hospital, Stockholm
THE first BCG vaccinations were carried out in Sweden in 1925. The vaccine was
obtained from the Pasteur Institute in Paris and given orally to newborn babies
as recommended by Calmette. In 1927, Wallgren, at that time in Gothenburg,
introduced the intradermal method and laid down the criteria for vaccination. His
recommendations have been in use ever since. The Swedish National Associafion
for the Prevention of Tuberculosis was interested from the beginning and financed
research and propaganda. The result to-day is that the Swedish public understand
the value and the limitations of Calmette vaccination and the necessity for proper
tuberculin testing before and after.
In the early years the vaccinationi was miiost often carriedi out in and around
Gothenburg, and it is in this city that the vaccine is still produced. Gradually
knowledge of the technique and proofs of its value spread throughout Sweden.
From 1941 it has become universally used. The School Medical Services and the
Medical Services of the Armed Forces made the vaccine available to all tuberculin
negative schoolchildren and conscripts.
AIM OF BCG VACCINATION
The aim of BCG vaccination is to increase the resistance to primary tuberculosis.
'lhe immunity is relative rather than absolute. It affords protection to tuberculin
negative individuals and is, therefore, of greatest value in children and young
adults. It is very valuable in those sections of the population (nurses, medical
students, etc.) most exposed to infection, but in Sweden the vaccine is not
restricted to these groups. As a child grows older he comes more and more into
contact with people outside the immediate family circle and his chance of
contracting tuberculosis greatly increases. It is well known that the older the child
the less often is the source of infection discovered. For this reason, Swedish
physicians, once they were convinced of the value of the Calmette vaccine,
encouraged vaccination of all tuberculin negative people.
In large cities it is almost impossible to escape infection at some time during
life. When the first infectioni occurs with virulent tubercle organisms during the
period of increased resistance following BCG vaccination, there is, as a rule, no
clinical disease, but the tuberculin test remains positive for a very long time, and
very likely for life. Tuberculous meningitis and miliary tuberculosis are practically
unknown in vaccinated children. A few cases have been reported, but often the
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the vaccination. The extreme rarity of these serious complications of primary
tuberculosis is one of the very good arguments in favour of the universal use of
BCG vaccination.
TUBERCULIN TESTS
A tuberculin (Mantoux) test is considered negative only when 1.0 mg. (1/100),
read after seventy-tw.vo hours, is less than 10 x 10 mm. redness and infiltration.
If read after forty-eight hours the danger of pseudoreactions is considerable. The
majority of false positive results have disappeared on the third day, but if there
is the slightest doubt the test must be repeated. In general, a non-specific reaction
will appear earlier and disappear sooner than a specific. The stronger the test
dose the greater is the danger of a false positive reaction. The majority of cases
of active primary tuberculosis will react to the ointment test or 0.01 mg. (1/110,000)
Mantoux. Doses greater than 1.0 mg. are used only to exclude tuberculosis.
Two types of tuberculin tests are in common use in Stockholm. One is per-
cutaneous and the other intradermal (Mantoux).
Percutaneous Test.-The skin over the centre of the sternum is chosen, as this
is believed to be the most sensitive area. It is first cleaned with ether and the
ointment* applied in one of two ways.
(a) Patch Test-this is commonly used in private practice and in the out-patient
department of this hospital. Adhesive plaster is placed over a small quantity
of the ointment. It is removed by the mother in twenty-four hours and read
by the doctor in seventy-two hours. The reaction will usually last about a
week. A positive result may occasionally be delayed for five or six days. A
control is not used. Deliberate scratching may give a false positive result.
(b) In hospital the ointment is rubbed into the skin and the area not washed
for twenty-four hours. No cover is used. Otherwise it is the same as the
patch test. It is absolutely necessary to rub in the ointment thoroughly,
either with one hundred strokes, or for not less than one minute. The area
is usually about the size of a half-crown. A reliable preparation must be used.
The ointment test will become positive in the majority of cases of active
primary tuberculosis in children.
Intradermal Test.-This is the familiar Mantoux test. The usual doses are
0.1 mg. (1/1,000) and 1.0 mg. (1/100). The 0.01 mg. (1/10,000) dose may be
used as an alternative to the ointment. Higher doses, such as 3, 5, and 10 mg.,
are used only exceptionally to rule out tuberculosis.
The usual routine is an ointment test first, followed by 0.1 mg. and 1.0 mg.
as necessary. The degree of tuberculin sensitivity is always much lower in infants
than older children, and 0.1 m.g. as the starting dose can always be used with
safety under one year. The ointment test is roughly equivalent to 0.01 mg. Old
Tuberculin.
* For the past ten years a French preparation,
" Notuberculin," produced by the Mrieux
Laboratory in Lyon, has been used and found satisfactory.
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It is now a routine for all Swedish doctors, whether in the child welfare centres,
the school medical services, general practice, etc., to tuberculin test all children
during or after any febrile illness, and, in this way, many cases of primary
tuberculosis are diagnosed during the initial fever stage. It is felt that even the
most busy doctor has at least time to do an ointment test. For example, eighty-six
out of eighty-eight cases of primary tuberculosis admitted last year were positive
to the ointment test; the remaining two children reacted to 0.1 mg. O.T.
Concentrated Old Tuberculin keeps for several months, but diluted solutions do
not. These should be changed, if possible, every week, but should not be used for
more than a fortnight.
The following method of dilution is convenient. The concentrated solution con-
tains 100 mg. in 0.1 c.c. Exactly 0.1 c.c. of this concentrated solution is taken
into a 1 c.c. syringe and diluted to the mark 10 with sterile water, so that now
0.1 c.c. contains 10 mg. Old Tuberculin. The contents are thoroughly mixed and
0.9 c.c. ejected. The procedure is repeated with the remaining 0.1 c.c. After this
dilution, 0.1 c.c. contains 1.0 mg. (1/100). A third dilution will give 0.1 mg.
(1/1,000), and a fourth 0.01 mg. (1/10,000) in 0.1 c.c.
Accurate records of tuberculin tests are very valuable. The size and description
of the reaction should always be noted.
ROUTINE AND TECHNIQUE OF BCG VACCINATION
The vaccine should be used within one week of preparation and should be stored
in a refrigerator. The bottle must be thoroughly shaken to ensure an even
distribution, and, therefore, a more accurate dose.
The intradermal method developed by Wallgren in 1927 is in general use. The
dose is 0.05 mg. contained in 0.1 c.c. of the vaccine, and the inoculation is done
exactly like the Mantoux test. Throughout Sweden the site of the innoculation
is on the upper outer aspect of the left thigh. This standardization has the
advantage of helping the patient (and the doctor) to differentiate between a Mantoux
test and a BCG vaccination. The intradermal method has proved so effective that
the other methods (multiple puncture, etc.) are seldom used.
The patient must be tested immediately before the vaccination and be negative
to 1.0 mg. Old Tuberculin. A check tuberculin test is carried out at six weeks
and only if this is positive can a vaccination be said to have taken. If negative, it
is better to repeat the tuberculin tests again in three or four weeks before re-
vaccination. The child is then tuberculin tested at every opportunity and is re-
vaccinated if the response to 1.0 mg. becomes negative. Wallgren recommends,
as a minimum, tuberculin testing at 3, 7, 10, 15, and 20 years. The aim should
be, especially where facilities are available as in schools, factories, etc., a yearly
tuberculin test.
Experience has shown that the majority of vaccinated people will respond to
the ointment test at six weeks. Infants, however, do not respond so readily. They
are tuberculin tested three months after vaccination. While some may respond to
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At this age the dose of the vaccine is usually increased 2-4 times. It is not
necessary to carry out preliminary tuberculin tests on newborn babies in maternity
hospitals.
The importance of a proper record system is easily understood. Every vaccination
is recorded on a card, and, after the check test, this card is forwarded to the
Central Tuberculosis Dispensary. This accurate information is then available to
every doctor.
As pointed out previously, every child is tuberculin tested at every opportunity.
These tests are routine in all hospitals (for adults as well as children), child welfare
centres and children's homes, in all schools, in the armed services, in the industrial
medical services, etc. Vaccination is always offered when the tests are negative,
and, if accepted (as it almost always is), the vaccine is available immediately in
each centre. Every doctor, whether in general practice or in other branches of
the medical services, carries out his own routine tuberculin tests and vaccinations.
ONSET OF ALLERGY AND DURATION OF IMMUNITY
A positive tuberculin test is the only certain way of knowing that a vaccination
has brought about an increased resistance to virulent tubercle bacilli. It is very
probable that some immunity is present a few days before the onset of allergy
and that this immunity exists for a few months after 1.0 mg. has become negative,
but the degree of resistance is too low to be relied on. For practical purposes a
sufficiently high degree of immunity can only be assumed to be present when the
tuberculin test is definitely positive.
In primary tuberculosis the onset of allergy is sudden, and the reaction to
tuberculin remains high over a long period of years. The following case, admitted
to Norrtull's Hospital shortly after I arrived, demonstrates the suddeness of the
onset of allergy and the possibility of carrying out the BCG vaccination during
the incubation period of a primary infection.
Boy: aged 1 year; negative to 1.0 mg. Mantoux on 3/10/1949 and BCG
vaccinated on this day. Erythema nodosum developed three days later and
there was a reaction at the site of the vaccination (Koch's phenomenon). On
the 10th, seven days after the original negative Mantoux, the ointment test
was positive on admission to hospital.
When a vaccination is carried out during the incubation of a primary infection
there is no danger to the patient. The danger is to the good name of Calmette
vaccination, as the parents may unjustly blame this for the development of the
active process.
Allergy following BCG vaccination has a slower onset, is never so intense as in
a primary infection, and will only last for a number of years. The exact duration
is very variable in different individuals. A small number become negative within
one year, others in three or four years" time, while some are positive at the end
of ten years. It is likely that when a patient is found positive a long number of
years after vaccination, there has been a superinfection with virulent organisms.
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NIt is this possibility of superinfection which makes it so difficult to estimate
accurately the probable duration of immunity. When a positive tuberculin reaction
is found, say ten years after vaccination, there are two possibilities. The patient
may have had an infection with virulent tubercle bacilli during the period of BCG
allergy. At this time, in all probability, there would have been a flare-up in the
tuberculin sensitivity, with little or no clinical or X-ray evidence of active disease.
On the other hand, the BCG allergy and immunity may have disappeared before
the exposure to virulent organisms and the child will react as if he had never
been vaccinated; that is, in the example just described, the child will have
responded to the virulent infection by the tuberculin test becoming spontaneously
positive again, without definite clinical evidence of disease. However, it does
happen occasionally that clinical primary tuberculosis develops in a child vaccinated
a long number of years previously. In such cases the result of frequent tuberculin
testing has shown that the tuberculin allergy has disappeared. On the other hand,
no tests may have been carried out and, therefore, the disappearance of the
tuberculin allergy may only be presumed.
PRIMARY TUBERCULOSIS AND BCG VACCINATION
The diagnosis of primary tuberculosis in a BCG vaccinated child is often very
difficult. A known possible source of infection is useful. There may be little or no
evidence of hilar adenitis. The sedimentation rate may be only slightly raised
and come back to normal fairly rapidly. The disease in the majority of such cases
(and they are extremely few compared with the number of children who must get
a superinfection) is both mild and of shorter duration than in the non-vaccinated
child. The risk of complications (miliary spread and meningitis) is minimum. The
isolation of virulent tubercle bacilli from gastric washings would, of course, clinch
the diagnosis.
In the years 1945-1949, inclusive, 1,352 vaccinated and 7,279 non-vaccinated
children were admitted to Norrtull's Hospital. Of the non-vaccinated, 599 (8.2+
1.0 per cent.) had tuberculosis, compared with 26 (1.9+0.14 per cent.) in the
vaccinated group. During this period nine patients, who had been vaccinated
during the incubation of primary tuberculosis, were admitted. There were 28 cases
of tuberculous meningitis and/or miliary tuberculosis in the non-vaccinated groups
and none in the vaccinated group. Among the 26 children with primary tuberculosis,
12 were mild and the remainder had more or less typical disease; some of the
latter had been vaccinated so long before that it is very likely the immunity had
disappeared. In addition, there were 137 cases with spontaneously positive
tuberculin tests.
The difference in the number of vaccinated and non-vaccinated is surprisingly
great and is not representative of the children of Stockholm to-day. There has
been a very great increase in the number of vaccinations during this five-year
period, so that the proportion for 1949 is quite different from 1945. Parallel with
this rise in the number of vaccinated children there has been a fall in the number of
cases of primary tuberculosis-from 183 admissions in 1945, to 88 in 1949, with an
40average of 123 in the intervening years. This has resulted in more beds than
patients-one of the most striking things in visiting a Swedish children's
sanatorium.
CONCLUSION
Since the introduction of BCG vaccination into Sweden twenty-five years ago it
has become accepted and is universally used by all physicians. The importance of
accurate tuberculin testing and a strict technique for the vaccination is emphasised.
The aim of BCG vaccination is stressed. The part played by the general
practitioners in the diagnosis of the initial fever stage of primary tuberculosis and
the vaccination of all tuberculin negative people is described. A comparison of
tuberculosis in vaccinated and non-vaccinated children, admitted to Norrtull's
Hospital during the past five years, is given. The absence of tuberculous meningitis
and miliary tuberculosis in the vaccinated group is pointed out. Of the 623 cases
of primary tuberculosis, only 26 (4.2+0.6 per cent.) had been vaccinated.
I wish to thank Professor Wallgren, Docent Vahlquist and the other members
of the staff for their kindness and help since my arrival in Stockholm.
This description of Calmette vaccination was written during the period of tenure
of a "Cow & Gate" Travelling Scholarship from the Department of Child Health,
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REVIEW
BUCHANAN'S MANUAL OF ANATOMY. Edited by F. Wood Jones, D.Sc.,
M.Sc., M.B. Eighth Edition. Pp. viii + 1616, with 847 figs. London: Bailli6re,
Tindall & Cox. 45s. net.
THIS well known text-book of anatomy has been issued again under the able editorship of
Professor F. Wood Jones, assisted by a surgeon, three anatomists, and the Recorder of the Royal
College of Surgeons. The editor records in his preface that the whole text of the previous edition
has been revised and corrected without changing the format of the work as it appeared after
his first revision in 1946.
While most, if not all, of the many minor errors and misprints of the seventh edition have
been eliminated, some new ones have crept in, which, to the junior student at least, must constitute
a possible source of confusion. For example, the legends on fig. 635 pointing to the areas of
insertion of the mylo-hyoid and thyro-hyoid muscles now reverse the true positions of these
muscle attachments; an error even more misleading than that in the previous edition in which
two areas of insertion were shown for the mylo-hyoid and none was shown for the thyro-hyoid
muscle.
The decision to eliminate from the text of the seventh edition the embryological and histological
descriptions previously given throughout the book with each of the sub-sections, and to replace
this scattered, but nevertheless very useful and usefully placed material, by a single chapter on
the general growth and development of the body, has again been adhered to. This chapter is
well worth reading, not only by the undergraduate and the candidate for a higher qualification,
but also by the general practitioner and the specialist who has any dealings with children. The
debt to the late Professor Symington of this school for much of our still scanty knowledge of the
anatomy of childhood is acknowledged, but I think that all readers of this chapter must, in their
turn, be very grateful for the brilliant way in which Professor Wood Jones has incorporated that
material, and much of his own gathering besides, into a very readable compass and for the
many interesting correlations and suggestions which he has made.
The remainder of the book is devoted to gross topographical anatomy, which is dealt with
regionally in the clear, concise manner always associated with this handbook, and so admirably
suited to the needs of students. W. R. M. M.
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